Some errors are rectified in a recent paper by van Kampen (2008 Eur. J. Phys. 29 879-83) on the force between two parallel current-carrying wires.
In a recent interesting paper, van Kampen [1] discussed the force between two parallel currentcarrying wires, attempting to extend a nice analysis by French [2] . It is perhaps worthwhile to point out some unhappy errors in [1] which could be a source of confusion.
As is usually done for teaching purposes, van Kampen modelled a current-carrying wire as consisting of two superposed lines of charge: one moving (that of free electrons moving at drift speed v d ) and the other, which has an equal but opposite charge density, at rest (that of fixed positive ions). He considered the force on a charged particle q moving parallel to the current-carrying wire at the electron drift velocity, first in the electron frame (where the force is purely electric) and then in the ion frame (where the force is purely magnetic). The author correctly derived the force in the electron frame given by his equation (6) using the Gauss law. However, in footnote 2 of [1] he presented an alternative way of deriving the electric force which is erroneous. As can be seen, using the same notation as in [1], the correct starting equation for deriving the electric force F E reads as
The first term in equation (1) gives the contribution to the electric force due to the stationary line of free electrons; it is obtained by integrating the electric force components perpendicular to the wire produced by small segments of the stationary line of electrons with linear charge density −λ − and length dx . The second term in (1) is due to the uniformly moving line of positive ions; it is obtained by integrating the analogous force components produced by small segments of the moving line of ions with charge density λ + and length dx , making use of the well-known formula for the electric field of a uniformly moving point charge (cf, e.g., [2, 3] and also [4, 5] ).
1 1 Everything appears as if a uniformly moving point charge carries its electric and magnetic fields the way a snail carries its house. However, 'this is an extraordinary coincidence, since the 'message' came from the retarded position' [6] . (Note that the fields of a uniformly moving particle at a field point at a given instant are unaffected by the particle's motion after it passes the corresponding retarded position; that motion need not be uniform.)
Another point is that the last section of [1] dealing with the force between two parallel current-carrying wires basically seems to be flawed. Namely, van Kampen considers a segment of an infinite current-carrying wire of rest length l. He takes it for granted that the electromagnetic force acting on the wire segment by another infinite current-carrying wire parallel to the first one transforms from the electron frame to the ion frame according to a well-known transformation law of a relativistic three-force [2] , 2 applying the transformation law to the wire segment moving as a whole at the drift speed v d relative to the electron frame. However, this is wrong. The well-known transformation law applies to a force acting on a point particle, such as the Lorentz force (which is a pure relativistic force par excellence). As can be seen, the same general form of the transformation law (for the transverse force) also applies to the electromagnetic force acting on the ions of the wire segment considered as well as to the force acting on the corresponding electrons. However, since the ions move and the electrons are at rest relative to the electron frame, the general form of the force transformation reduces to
in the case of the transverse force on the ions, whereas in the case of the transverse force on the corresponding electrons it reduces to
Consequently, there is no single transformation law for the force acting on the wire segment as a whole and van Kampen's argument is erroneous. Thus, the forces on the ions and on the corresponding electrons must be treated separately. It can be easily verified that the total force on the line of ions of the wire segment (whose length is l + = l/γ in the electron frame) vanishes,
in the electron frame. Equations (4) and (2) imply that F + vanishes too:
as it should. On the other hand, the force on the corresponding line of electrons of the wire segment (whose length is l − = lγ in the electron frame) is given by
in the electron frame. From equations (6), (5) and (3), we find
as it should be. Our analysis indicates that the treatment of the current-carrying wire segment requires the transformation of forces acting on moving electrons from the electron frame to the ion (wire) frame.
